. Oligodeoxyribonucleotide Primer Sequences, Annealing Temperature and Thermal Cycles used for PCR.
S; Sense
As; Antisense
G. Statistical Analysis
Each experiment was performed at least 3 times. Means and standard deviations (SD) were calculated and all the data were presented as mean SD. Statistical differences were determined by ANOVA and post-hoc t-test for multiple comparison and MannWhiteny U test for comparison between each SPEs untreated group and SPEs pretreated group with the same rhBMP-4 concentration. Statistical significance was determined at the P<0.05 level.
III. Results

A. The effects of SPEs on the ALP activity of MCO cells
Statistically significant reductions (P<0.05) in the ALP activity were observed, in a dose-dependent manner, in MCO cells grown for 8 days in the presence of 0.01, 0.1 and 1 µg/ml of SPEs when compared to control cells which were not treated with SPEs( Fig.1 ). At 0.01 µg/ml of SPEs, ALP activity was significantly reduced to 70% compared to that of control cells, and further reduced to 39% when treated with 1 µg/ml of SPEs.
We also investigated the effect of SPEs (1 µg/ml) on the ALP activity for different exposure periods. Statistically significant inhibition (65% of the control level) of ALP activity was shown at 2 days of exposure and further significant inhibition occurred by extending the periods of exposure (Fig. 2) . These results indicated that SPEs have a significant inhibitory effect on the differentiation in MCO cells by relatively short exposure, as represented by reduction of ALP activity.
B. Modulation of rhBMP-4-stimulated ALP activity by pretreatment with SPEs
Fig .3 summarizes the dose-dependent effect of rhBMP-4 on ALP activity in untreated MCO cells or in cells pretreated with 1µg/ml of SPEs. As shown in Fig.3 , the rhBMP-4 used in this study has a biologic activity to stimulate the ALP activity in MCO cells in a dose-dependent manner. At 10 ng/ml of rhBMP-4, ALP activity level was significantly enhanced to 262% of the cells without rhBMP-4 level, reaching 415% of the cells without rhBMP-4 level at 100 ng/ml of rhBMP-4.
In the cells pretreated with SPEs, ALP activity was also significantly enhanced to 
IV. Discussion
BMPs are considered to play an important role as a regulator of the bone metabolism and have a biologic activity to induce osteoblastic differentiation in [42] [43] [44] [45] However, it is not known whether the biologic activity of BMPs could be modulated by P. gingivalis. In the present study, we observed that the biologic activity of rhBMP-4 on osteoblastic differentiation was reduced by pretreatment with 1 µg/ml of SPEs when ALP activity and expression of ALP mRNA were analyzed. To our knowledge, the findings presented here are the first indication that the biologic activity of BMPs on osteoblastic differentiation might be modulated by periodontopathic bacteria.
As demonstrated in Fig.3 , in the cells pretreated with SPEs, the ALP activity was significantly reduced at all concentrations of rhBMP-4 used in this study compared to the cells untreated with SPEs although dose-dependent stimulation of ALP activity was also observed. Moreover, similar findings were also observed in results obtained from the RT-PCR analysis for expression of ALP mRNA ( Fig. 4) . Therefore, it could be suggested that P. gingivalis has an inhibitory effect on rhBMP-4-stimulated osteoblastic differentiation, although the precise molecular mechanism(s) responsible for reduction of rhBMP-4-induced ALP activity in MCO cells pretreated with SPEs is not fully understood. However, rhBMP-4 might also have stimulatory effect on differentiation of osteoblast affected by P. gingivalis.
P. gingivalis has been reported to mediate the destruction of periodontal tissue either directly through their virulence factors or indirectly through the production of inflammatory cytokines by various kinds of host cells. It was reported that extracts isolated from P. gingivalis might inhibit osteoblastic differentiation and the inhibitory effects on osteogenesis might be largely irreversible when extracts were added during the early differentiation stage. 28, 31 In the present study, we demonstrated that SPEs suppress the ALP activity in MCO cells in a dose-dependent manner. We also observed a significant reduction of the ALP activity in MCO cells pretreated with SPEs after relatively short exposure time(day 0-2). Therefore, these findings suggest that a certain critical irreversible changes might occur in the MCO cells by pretreatment with SPEs during the early differentiation stage.
In regard to the inhibitory effect of SPEs on the rhBMP-4 stimulated osteoblastic differentiation, there is evidence which suggests the involvement of PGE 2 -mediated pathway. P. gingivalis has been shown to stimulate various kinds of cells to secrete increased levels of PGE 2 .
25-27
PGE 2 exerts a biphasic effect on osteoblastic differentiation with low concentrations of PGE 2 enhancing ALP activity and with higher concentrations of PGE 2 showing inhibition in the MC3T3-E1 cells. 46, 47 Recently, the biphasic effect of PGE 2 was also demonstrated in rhBMP-2 stimulated osteoblastic differentiation. 16 Moreover, it was reported that osteoblastic differentiation could be inhibited by extracts obtained from periodontopathic bacteria including P. gingivalis, but the inhibitory effect of these bacterial extracts was blocked by indomethacin, a known inhibitor of endogenous PGE 2 production.
18,30
Therefore, we investigated the effects of pretreatment with SPEs on the amount of 
